The multi-session Maximal Lactate Steady-State (MLSS) test is the "Gold Standard" for Anaerobic Threshold (AnT) estimation. However, it is highly impractical, requires high fitness level, and suffers additional shortcomings. Existing single-session, AnT-estimating tests are of compromised validity, reliability, and resolution.
Introduction
The lactate (La) response to steady-rate or graded exercise has been of major significance to physiologists and sports professionals for the last several decades. The anaerobic threshold (AnT), or related estimators, is generally regarded as the foremost indicator of aerobic endurance [1] [2] [3] [4] [5] [6] . However, all existing single-session AnT-estimating tests are variably handicapped by compromised validity, accuracy, resolution, and reliability [7] [8] [9] [10] [11] [12] .
The "Gold Standard" AnT test is the multi-session Maximal Lactate Steady-State (MLSS) test, first introduced by Heck et al. 13 . The MLSS test"s major shortcoming is its impractical, multi-session nature. It has, however, additional significant weaknesses: a) The MLSS is not determined directly, but rather by a bracketing protocol whose resolution is a function of the number and magnitude of load increments; b) MLSS"s determination criterion of 0.0-1.0mM
[La] rise is rather coarse and allows a range of determinations; c) The test"s multi-session protocol presumes no significant physiological changes take place throughout its extended testing period. This has never been validated and is contrary to practical; d) It is only suitable to well-trained, fit individuals. These shortcomings have practically eliminated MLSS testing from general, as well as athletic and scientific use. Indeed, the introduction of alternative indices, such as "Critical power", "Upper limit for prolonged exercise", and "Moderate-heavy exercise boundary" 14 , can be directly attributed to the difficulties associated with AnT estimation, in general, and MLSS testing, in particular.
Most existing single-session tests use either fixed-[La] 3, 4, 13, 15 , or a transition/inflectionpoint 3, 16, 1, 17, [18] [19] 20 as their determination criteria. They employ the basic La response to incremental exercise, are founded on the unproven threshold concept [7] [8] [9] 12 , and their However, LT is clearly a different entity from and invariably lower than AnT or MLSS 8, 22 , and is often difficult or impossible to determine 6 . The Ventilatory Threshold Test 23 , based on gasexchange rather than La-response criteria, is also a true physiological test. However, it was devised to determine LT, not AnT, and suffers from many validity and reliability issues 9, 24, 25, [25] [26] [27] 28 .
The Lactate-Minimum Test (LMT), introduced by Tegtbur et al. 29 , begins with a short, highlactemic exercise bout followed by a typical incremental protocol. Consequently, [La] initially diminishes before rising again with the increasing exercise intensity. The exercise intensity corresponding to the La-minimum point, along the resulting "U"-shaped [La]-plot, is LMT"s AnT estimate. Aside from being physiologically based, the LMT is the only single-session test to abandon the unproven threshold premise in favour of the physiologically-founded La appearance-disappearance equilibrium concept that forms the basis for the MLSS test, as well.
Despite its conceptual ingenuity, however, the LMT is plagued by methodological or other constraints that make it a consistent under-estimator of the AnT/MLSS [10] [11] 28, 30 . in a limited number of athletes from multiple sports. Thus, the test"s concept, methodology, and multi-case validating data are presented here for review, scrutiny, and further experimentation.
Proposed alternative: Reverse Lactate-Threshold
In incremental graded exercise, La equilibrium can exist not only anywhere below the lactate threshold (LT), but also between the LT and AnT exercise intensities. The AnT is defined as the highest sustainable exercise intensity at which aerobic metabolism accounts for the total energy requirements, as previously described 5 . The LT is defined as the onset of upward deviation of the [La] response to incremental exercise, as previously described 31 . Throughout the LT-AnT transition zone (Figure 1 A schematic depiction of this concept"s application as the "Reverse Lactate Threshold" test (RLT) is presented in Figure 2 . The initial, "La priming" portion of the test, is incremented to above MLSS/AnT intensity and then followed by a decrementing, "reverse" segment. The exercise intensity corresponding to the highest attained [La] is RLT"s estimated AnT.
Methods

Subjects
Full validation testing was carried out on four athletes -two competitive male rowers (#1, age 17; #2, age 20), one male recreational road cyclist (age 39), and one female recreational runner (age 28). All participants volunteered and consented to participate in the study after its purpose, protocol, and possible risks and benefits were fully explained. All testing was approved by the Institution"s Ethics Board.
RLT"s test-retest reliability was examined, in single-blind fashion, on 10 cyclists (8 trained, 2 untrained; 8 male, 2 female; aged 26-51), who performed two cycling RLTs, 2-6 days apart, at similar times-of-day.
Materials
Each athlete was tested on an ergometer which best simulates his/her sport. Rowers used the coefficient of variation). Accuracy and reliability of this meter have been found on par with laboratory analyzers 33 .
Test protocol
Test-intensity Determination. The RLT"s peak intensity (final "priming load"; see below and has previously been shown highly reliable in LMT testing [10] [11] 28 . The reverse plot was traced
using a "smoothed line" function. With reliable data, this provides the best apex determination.
However, when this procedure was compromised by 1-2 missing, or discarded (invalid) data points, a best-fit n th -order polynomial trend-line was substituted (see Figure 3 for examples). Note: Although the RLT is a demanding test, it is easier than a 30-min MLSS-testing session at MLSS intensity, which can be properly performed only by trained individuals. Therefore, only trained athletes were recruited for the RLT"s MLSS verification. Figure 5 ). Repeat, randomised and blinded test 1 and 2 determinations in 9 subjects (18 data pairs) indicated intra-reviewer reliability of 0.996.
MLSS verification.
Results
RLT and its verification.
Discussion
Technical considerations
Blood-sampling regimen. During incremental exercise, La concentrations are higher in Laproducing, active muscles than in non-active, or lightly-active muscles and other organs.
Consequently, as the intermediary between La-producing and La-absorbing compartments, the blood does not display stable [La]s, unless exercise is sufficiently long and of sub-AnT intensity. can characterize the subject"s submaximal La-response, or "lactate profile". This can be used to follow-up and compare training effects at sub-and circum-AnT intensities (see 21 for examples).
Findings and conclusions
This pilot study presents a novel concept in aerobic-endurance testing. The RLT test demonstrated a high level of reliability in both athletes and non-athletes. Although limited in scope, the presented data suggest the RLT to be a highly valid AnT test among trained athletes.
This was similarly shown in three distinct sports that widely differ in the involved muscle-mass as well as the nature of its activity. It should be noted that since MLSS testing can only be administered to trained individuals, untrained subjects could not be used for RLT"s validation (MLSS verification).
Unlike the MLSS"s multi-session testing protocol, the RLT provides a true "snapshot" of the subject"s fitness at the time of testing. RLT"s robustness is manifested by its exceptional reliability (ICC=0.997; Figure 5) , not approached by any other lactic or ventilatory tests. This is particularly significant in light of the fact that the reliability of the "Gold Standard" MLSS test has never been established.
Using high-resolution cycling and rowing ergometers, full RLT-MLSS agreement could be shown in the rowers and cyclist (Figure 3 ). Hampered by the treadmill"s limited velocity resolution, running"s RLT-MLSS agreement was still excellent at ~0.5% (Figure 4 ). An accuracy level of better than 1%is unprecedented in any existing test and should be of major consequence to sports physiologists, coaches, and athletes, who require sensitive, high-resolution monitoring of endurance capacity. To examine RLT"s sensitivity to training and fitness changes, rower #1 was first tested Carter et al. 38 , the RLT appears quite sensitive. Confirmation on a larger athlete sample is required. cannot be expected to always fall within 0.5%. RLT"s inherent robustness however is strongly suggested by the consistency of results and the test"s high degree of reliability.
As noted, RLT testing offers several distinct advantages over MLSS. Foremost is its practicality as a single-session test. Nearly as important is RLT"s applicability to both untrained individuals and endurance-trained athletes, making the RLT applicable to considerably larger populations.
Compared with other single-session tests, the RLT"s main disadvantage is its inapplicability to sports in which sampling intervals are unavoidable and expected to affect results. Future research could investigate the effects of interval-duration and other factors in an attempt to devise a correction method that would facilitate valid testing in sports where a continuous protocol cannot be implemented. However, the primary objectives of future research should be confirmation of the present study"s finding in larger and more diverse subject populations and in diverse sports.
